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taminants can create problems. At high concentration, some chemi-
cals are toxic to microbes, even if the same chemicals are readily
biodegraded at lower concentrations. Toxicity prevents or slows metabolic
reactions and often prevents the growth of the new biomass needed
to stimulate rapid contaminant removal. The degree and mecha-
nisms of toxicity vary with specific toxicants, their concentration, and
the exposed microorganisms. Microbial cells cease to function when
at least one of the essential steps in their myriad physiological pro-
cesses is blocked. The blockage may result from gross physical dis-
ruption of cell structure or competitive binding of a single enzyme
essential for metabolizing the toxicant.

Presence of Multiple Contaminants and Natural Organic Chemicals

Frequently, contaminated sites contain a combination of several
man-made organic contaminants and naturally occurring organic chemi-
cals from decayed plant and animal matter. When such mixtures of
organics are present, microbes may selectively degrade the compound
that is easiest to digest or that provides the most energy. Microbiolo-
gists have long been aware that complex mechanisms regulating mi-
crobial metabolism may cause some carbon compounds to be ignored
while others are selectively used. This phenomenon, known as diauxy,
could have serious implications for bioremediation efforts if the tar-
geted contaminant is accompanied by substantial quantities of pre-
ferred growth substrates.

Mixtures do not always cause problems and sometimes can pro-
mote bioremediation. For example, biomass that grows primarily to
degrade one type of organic compound may also degrade a second
compound present at a concentration too low to support bacterial
growth by itself.

Incomplete Degradation of Contaminants

In some cases, contaminants may not be fully degraded by the
organisms. Partial degradation may diminish the concentration of
the original pollutant but create metabolic intermediates that in some
cases are more toxic than the parent compound. There are two main
reasons why intermediates build up. In one case a so-called dead-
end product is produced. Dead-end products may form during
cometabolism, because the incidental metabolism of the contaminant
may create a product that the bacterial enzymes cannot transform
any further. For example, in the cometabolism of chlorinated phenols,
dead-end products such as chlorocatechols, which are toxic, some-